Agricultural products are on the whole tradable, and every country trades in some agricultural products. In the absence of intervention it is expected that domestic prices of such products will vary with world prices. It is well known, however, that agriculture is subjected to considerable intervention, which creates a gap between world prices and domestic prices and which generates crosscountry variations in agricultural prices (see, for example, McCalla 1969; Johnson 1973; Bale and Lutz 1981; Australia 1985; Anderson, Hayami, and Honma 1986; World Bank 1986) . This is perhaps why it is sometimes claimed that world prices are irrelevant for the development of agriculture in countries that intervene in the pricing of their agricultural products; see, for instance, the implicit debate in Mellor and Ahmed (1988) , Valdes and Siamwalla (1988) , and Ahmed (1988) . It is therefore natural to ask to what extent such an intervention reduces the influence of world prices on domestic prices.
In this article we examine two major questions. First, what proportion of the variations in world prices is transmitted to domestic prices? Second, what proportion of the variations in domestic prices can be attributed to variations in world prices? Not independently, we also examine empirically the revealed relationships between world prices and the degree of intervention. The outcome of this analysis is crucial for understanding the relationships between domestic and world markets, and it has severa! ramifications. The facts and the ramifications are two distinct subjects, however, and it is important to deal with them separately. This article deals mainly with the empirical analysis.
I. THE FRAMEWORK
The framework draws on the law of one price, where the domestic price of commodity i in year t, Pi,, is expressed as a product of the world price, P,-t the nominal exchange rate, Et, and the tax policy Si, = (1 + ri,), where r is the tax rate (or. if negative, the subsidy). Because countries engage in nontariff market interventions, including quantitative import restrictions, the tax policy term here includes the tariff equivalent of any restriction on domestic prices. The equation for the domestic price is (1) Pi, = PatEtSSi.
This formulation ignores differences in product qualities and in transportation, storage, and marketing costs, as well as other domestic nontradable inputs. Also, the equation is based on the assumption that the exchange rate is neither under-nor overvalued so that the difference between domestic and foreign inflation rates is fully reflected in E. To allow for deviations from this assumption and for the effects that are not included in the equation, a disturbance term, denoted by U, is added to the equation. Equation 2 can be expressed in terms of equation 3, subject to the restrictions HI: 3 = 1, and H 2 : -Y = 1. The coefficient a is the elasticity of the domestic price with respect to the world price, to be referred to as the elasticity of transmission. The value of this elasticity is the answer to the first question. A value of 1 implies that the variations in world prices are fully transmitted to the domestic prices, whereas a value of 0 implies no transmission at all. There are several reasons why this elasticity would differ from unity. First, omitted variables, specifically tax-policy variables (s), are correlated with the world price. Second, there may be measurement errors in the world price. Such errors may reflect the fact that the world price used in a given study differs from the one pertinent for the particular country. Third, if the economy is closed, the world price is irrelevant. Of course, very few countries are completely closed, but many countries are partially closed by means of trade policies, and this may affect the value of the estimate.
The contribution of world prices, measured in domestic currencies, to the variations in domestic prices is given by the value of R 2 of the regression of equation 3. This answers the second question: a low value means that only a small proportion of the variations in domestic prices are accounted for by world prices and exchange rates. The marginal contribution of world prices conditional on the exchange rate is given by the square of the partial correlation coefficient between world and domestic prices.
The foregoing discussion dealt with proportional changes, but it says nothing about differences in levels. This information is contained in the intercept, which need not equal 0. Under the restrictions H 1 and H 2 , CZ = s + it, where s is the sample average, over commodities and time, of Si, Thus the intercept reflects the tax policy and the quantitative importance of the omitted variables from equation 2. More generally, when HI or H 2 are not maintained, or if the explanatory variables are measured with error, the intercept will be affected.
II. THE DATA
The regression was first computed for 58 countries for the period 1968-78, and the sample covered some 60 products. The number of products varied by country. Products not produced in a country were excluded from the analysis. The domestic prices are those given by the Food and Agriculture Organization of the United Nations (FAO) and described by the FAO as follows:
Farm prices are in theory determined by farmgate or first point-of-sale transaction, when farmers participate in their capacity as sellers of their own products. Of course, data may not always refer to the same selling points, depending on the prevailing institutional setup in the countries. Also, different practices may prevail in regard to individual commodities (FAO 1987, p. 23 ). There is a common belief that FAO prices are subject to many problems. This may be the case, but we are unfamiliar with any study that indicates the sources of errors in the FAO data and their quantitative importance, or that substantiates this belief in any other way. One way to have a rough check on the data is to see, as we are doing here, to what extent they are correlated with world prices. If the empirical results showed weak relationships between the domestic and world prices, this could be explained in terms of measurement errors. This is not the case, however, and therefore we think that these data are indeed informative. To double-check, we repeat the analysis in section IV for the European Community, using prices of the U.S. Department of Agriculture reported in Herlihy and others (1989) for 1960-85 .
The world price is an export-unit value calculated in nominal U.S. dollars. It is a ratio of the total world value of exports for each of the commodities divided by the total world exported quantities for the corresponding commodities. We use the framework developed in section I to examine and verify the pertinence of this variable. The exchange rates are annual averages as published by the International Monetary Fund.
III. RESULTS USING FAO DATA
In a cross-commodity comparison, the deviation from unitary transmission elasticity is surprisingly small. The time-series analysis for individual commodities yields somewhat lower values, suggesting that policy does have some smoothing effect. In all cases, the relatively high values of R 2 indicate that world prices constitute a major source of domestic price variations. 
Initial Results
Because the variables are in logs, their sample variations represent relative changes. Therefore, the variables have no units, and it is possible to pool the data over all commodities for all years. The estimates of equation 3 appear in the first three columns of table 1. The t ratios are all very high (double digits) and therefore are not reported here.
The estimated transmission elasticity (from the world-prices column) varies between 0.74 and 1.24, with a median of 0.952. The values for 49 out of 57 countries fall in the range of 0.85 to 1.07. Thus the discrepancy from 1 is indeed very small. This indicates that the variations in world prices are almost fully transmitted to domestic prices. This is the answer to the first question. Turning to the second question, the values of R 2 vary between 0.66 and 0.96, which The values in the table are the estimated coefficients from a regression using data pooled over all commodities (the sample covered 60 products, which vary by country) and over all years .
Source: Authors' calculations, using data from FAO (various issues).
indicates that a high proportion of the variations in domestic prices are accounted for by the variations in world prices. There are no estimates of the exchange-rate elasticity for the United States or for Panama, Guatemala, and El Salvador, which used dollar-linked currencies. However, the values of the transmission elasticity for these countries are in line with those obtained for the other countries.
The median of the exchange-rate elasticity, with these four countries excluded, is 0.97, but the estimates vary greatly across countries. The variability in the exchange-rate elasticity reflects the problem of determining the appropriate measure of exchange rate for this analysis. In many countries this variable is volatile because of inflation and changes in exchange-rate regimes. When the exchange rate changes during the year, the rate that was applicable to a particular commodity depends on the seasonality of that commodity and may differ from the variable used in the regression. A similar problem arises when there are multiple exchange rates, where whatever alternative is used represents a compromise.
The effect of inflation on the results can be reduced by examining the identity in equation 2 in terms of the real exchange rate: (4) (Pi,t P,) = (P,*t Pt)+ e P t Pt +it+ i where bt and p* are the logs of domestic and world price deflators, respectively, and the terms in parentheses represent real values. The estimation of equation 3 is repeated, with the real values replacing the nominal values. We deflate the domestic and world prices by the domestic and U.S. consumer price index, respectively. The results appear in the last three columns of table 1. The results for the regressions in real and nominal values should be the same under H 1 and H 2 . Indeed, the transmission elasticity is changed very slightly; its median value is 0.947. The median of the exchange-rate elasticity is 0.86, but for some countries the estimate differs significantly from the respective nominal-value regressions, and the cross-country variability still exists.
Eliminating the effect of the exchange rate. Because we are interested largely in the transmission elasticity, it is desirable to eliminate the effect of the exchange rate. We consider two options. First, we compute within-year regressions (that is, regressions with year dummies). Such regressions use the price differences between commodities for each year, and those do not reflect the exchange rate. In this case, the regression equation takes the form
where p.t = Zipi,/I, the time-price average over commodities, with I being the number of commodities. We use generic notations cx, f3, and E for the intercept, the coefficient of world prices, and the disturbance term, respectively, although their values are expected to vary from one equation to another. The prices in equation 5 are also real, but unlike those in equation 4 they are deflated by their own sample averages. In this case there is no difference between the nominal and real variables. If we let P, be the consumer price index used to convert nominal to real values, then the real domestic price to be used in equation 5 is [(Pi,t - Pi, -p.,) , which is the nominal value. The same holds for real world prices. The results appear in the first column of table 2. The median value is 0.967, and on the whole the results are similar to those of the pooled regression with exchange rates included. -
The second alternative is to express domestic prices in dollars:
This approach was taken in an earlier version of this article, Mundlak and Larson (1990) . The results of the estimation of equation 6 appear in the second column of table 2. They convey the same information as the previous regressions: the median value of the estimated transmission elasticity is 0.945.
Estimation results with all countries pooled together. The world price is the export unit value and, as such, it is not an average of domestic prices. After all, world trade constitutes only a small fraction of world production. To determine the extent to which the world price used here represents the domestic country price, the regression is estimated with all countries pooled together. In such an analysis the individual countries serve as repeated observations because they all face the same world price. The results are: 0.933 for R 2 , 0.941 for the transmission elasticity, and 1.02 for the exchange-rate elasticity. The comparable estimates for real prices are 0.964, 0.943, and 0.980, respectively. It is thus concluded that the world prices used in the analysis are indeed representative of domestic prices.
The Policy Bias
The aforementioned regressions do not include a measure of the tax, s, as a variable because it is simply unobserved. This omission adds a component to the equation disturbance, and thus it reduces the R 2 , which measures the importance of world prices in explaining the variations in domestic prices. More important, the omission may bias the transmission elasticity. It is often stated that countries pursue policies aimed at stabilizing domestic prices. Stabilization requires tax reductions when world prices are high and tax increases when world prices are low, which implies a negative correlation between world prices and taxes. Such a relationship is captured by equation 2,3 = 1 and the policy contributes to a discrepancy from 1. If we attribute all of the discrepancy of the estimated elasticity from 1 to the policy, then a value of 0.95 for the transmission elasticity implies a value of -0.05 as an estimate for 7r, which is indeed very small. Equation 7 assumes a uniform policy for all commodities and all years. This assumption is too strong and should therefore be weakened by generalizing the equation. This can be done by allowing commodity-specific policy elasticity, denoted by -7ri, and a tax level, denoted by 7r 0 ,:
cov(7i, p*) = 0 for all t. The effect of this extension can be evaluated through the computation of between-commodity and a. This column gives the va]ues for the coefficient of world prices when using the between-commodity regression equation, in which the commodity price is an average over time and the world price is the only explanatory variable.
within-commodity regressions. The appendix summarizes the formal relationships between the various estimators.
Between-commodity regressions. Averaging the variables over time we obtain (9)
where pi = Epi,/ T, the commodity-price average over time, T is the number of years, and e = EXe,/ T. The exchange rate is thus subsumed into the intercept and the between-commodity regression has only the world price as an explanatory variable. Its regression coefficient is (10)
Taking expectation using equation 9:
(1 1)
Eb(i)=1 + A(i)
and (12) A(i) = Xprir, Within-commodity regressions. The basic underlying equation for the within-commodity regression is obtained by subtracting equation 9 from equation 8, with roi and wri replacing 7ro and ir, respectively:
The within-commodity estimates were derived for the nominal and real versions with the exchange rate included and for the domestic variables in dollar prices.
The results appear in table 3. The median of the transmission elasticities for the nominal prices, 0.937, is significantly higher than the corresponding values of 0.78 and 0.713 for the dollar prices and real prices, respectively. To examine the source of this difference in the estimates, we simplify the Thus the within-commodity estimator is a weighted average of the regression coefficients for commodity i. Taking expectation using equation 13:
The difference between equations 16 and 11 is in the way the commodityspecific slopes are taken into account. In equation 11 only one observation per commodity is used, and the exchange rate is eliminated from the equation. In equation 16 there are as many observations as years. If the difference of the transmission elasticities from 1 is considered as a weighted average of the commodity-specific policy elasticity, then the results suggest some variability in policy elasticity among commodities. We therefore examine this possibility more closely by presenting results for individual commodities and discussing possible sources of variations between the various estimates.
A similar analysis can be conducted for an alternative specification that allows for systematic variations of policy over time. This is discussed in Mundlak and Larson (1990) , where it is shown that at the median the time effect on the policy elasticity, derived for domestic dollar prices, is -0.04. It seems that the variability over commodities is more important. To deal with the variability over time, a longer time series is needed.
Specific Commodities
Mundlak and Larson (1990) present transmission elasticities for wheat, coffee, and cocoa derived from equation 6, where the domestic prices are measured in dollars. The results are reproduced here in table 4. Wheat is chosen because it is often stated that staple foods are more susceptible to intervention that insulates domestic markets from world prices. Coffee and cocoa are internationally traded under cartel arrangements, and as such they may show a larger gap in the variations of domestic and world prices.
The median value of the transmission elasticity for wheat is approximately 0.65, with only 9 out of the 58 countries having a coefficient smaller than 0.5. The median value for coffee is 0.68; for cocoa it is above 0.84. The reason for concentrating on the estimates of equation 6 is that, with only 11 observations and a correlation between exchange rates and world prices, the results of the full equation 3 with an additional coefficient are less stable. This problem is overcome by pooling all countries together. The estimates of equation 3 for wheat with country-pooled data are 0.69, 1.03, and 0.969 for the transmission elasticity, exchange rate elasticity, and R 2 , respectively. Interestingly, the value of the transmission elasticity is very close to the median value of table 4.
The policy elasticities for wheat, coffee, and cocoa are negative and larger in absolute value than those obtained for the pool of commodities. Still, for most countries, about 70 to 80 percent of the variations in world prices, depending on the commodity, are transmitted to domestic prices. Furthermore, the values of R2are on the whole quite high, indicating that world prices are the main source of variations in domestic prices.
The relationships between the within-and between-commodity estimates are illustrated in figure 1 , where domestic dollar prices, measured in natural logs, are plotted against the log of world prices. Lines ac and bc represent regression lines with slopes : + -7a and t3 + 7rb fitted to observations on two commodities, where both slopes are less than 1. Ellipsoids mark the clusters of observations for the sample years for each commodity. The intercept of the price line of an individual commodity indicates a systematic difference between domestic and world prices or simply the level of distortion for the particular commodity. Thus we can have a slope of 1 and an intercept larger or smaller than 0, indicating a protection or tax, respectively. The lines are drawn with a common intercept so as to keep the same distortion rate. This is not essential, and other configurations are admissible. The commodity-specific regressions estimate the slopes of these lines, and the within-commodity regression provides estimates of a weighted average of these commodity slopes. However, the between-commodity regression line is a statistical fit to commodity averages, labeled p, and, unlike the within-estimator, the between-commodity estimator does not use the information represented in indi- Because there is a large between-commodity spread in the prices, the slope of the between-commodity regression differs from the slopes of the individual commodities. An elasticity of 1 for the between-commodity estimate indicates that what is relatively expensive in the world market is also relatively expensive at home, or, more specifically, that the relative prices at home and abroad are, on average, the same. A slope smaller than 1 indicates that the more expensive the commodity is, the lower the tax rate or the larger the subsidy is.
Decomposition of the Pooled Regression Results
The pooled regression is a weighted average of the within-and betweencommodity regressions (see the appendix), where the weights depend on the variance components of the world prices. Table 5 presents a decomposition of the variations in world prices to the commodity and time components. The between-commodity variations dominate the within-commodity variations, and therefore estimates based on data pooled across time and commodities (first three columns of table 1) largely reflect the between-commodity variations. Thus the transmission elasticity of the pooled regression is close to the betweencommodity value and close to 1 even though the commodity elasticities are smaller than 1.
A slope smaller than 1 for an individual commodity in this framework is consistent with a stabilization policy implemented by changing tax rates. But is a deviation from 1 for an individual commodity an exclusive outcome of policy? The answer is probably no. There are two important effects that are likely to bias the estimates downward: tradability and "measurement error."
Tradability. Although agricultural products are largely tradable, their domestic prices also reflect domestic inputs such as marketing, finance, storage, and transportation. (For an analysis of this subject, see Mundlak, Cavallo, and Domenech 1990.) To incorporate this extension, equation 2 is rewritten:
where pd is the natural log of the aggregate price of the domestic input, assumed to be the same for all products, and -i is the share of the tradable component in the price of commodity i. Under equation 17, the slope of the individual commodity price line is smaller than 1. The empirical transmission elasticity is now an estimate of ri + 7r,. As pd is omitted from the regression, this estimate is biased. It is likely that the omitted variable, which is closely related to domestic inflation, is positively correlated with the exchange rate and that hence the bias is positive. Therefore, the deviation from 1 cannot be fully attributed to policy.
We can carry this analysis a step further and rewrite equation 17 as
If we assume that the price of the domestic input can be approximated by the overall price level, then the dependent variable is real domestic price in the sense of equation 4. The difference is that in equation 18 the world price is nominal, whereas in equation 4 it is real, as well. If we ignore this difference, however, the estimates of equation 4 can be viewed as an approximation of the estimate of equation 18, with the last term omitted. But now the bias is negative, because the coefficient of pd has a negative sign. Indeed, the estimates of the real regressions give somewhat smaller estimates for the transmission elasticities. The values of the within-commodity estimates are 0.937 for the nominal, 0.78 for the dollar prices, and 0.713 for the real. It is interesting to note that the effect of converting to dollars is similar to that of deflating by the overall price level. In terms of our discussion, the nominal estimate is biased upward, and the real is biased downward. Hence the difference from 1 obtained from the regression with real values can be viewed as an upper bound for an estimate of the sum of the share of the nontradable component and the policy elasticity, whereas the nominal regression provides a lower bound.
Measurement error. There are two good reasons to think about measurement error of a conceptual rather than mechanical nature. First, the basic equation 2 is applicable at a time when a trade takes place. Trade is not carried out continuously, however. Between trades, the world price is changing without necessarily affecting domestic prices. Stored commodities maintain an intertemporal arbitrage condition. As such, the spot prices respond to new information with respect to expected future world supply. Because arbitrage, either through trade or through storage, is costly, domestic prices, which are not backed by transactions, do not respond instantaneously to changes in world prices. Consequently, as illustrated effectively by Williams and Wright (1991) , the dynamic paths of world prices and domestic prices within the year are likely to differ. When intrayear variations in the world price are summarized in equation 2 by a single figure, a discrepancy is built in between the domestic price and the pertinent world price. This is, of course, a short-term phenomenon, but it recurs with every new shock to the system. Because the prices are dated, this dynamic may matter and thus affect the results.
Second, the problem of deciding on the right deflators to convert the world prices from nominal to real is similar to the question of what exchange rate to use, which was discussed above. The deflators and exchange rates may bias the estimates downward. The bias may be substantial and may lead to a rejection of the empirical validity of the law of one price. Also, in some countries (for example, Canada) the estimates of the exchange rate elasticities change very little over the sample period. Therefore the spread is not sufficient to get reliable estimates.
IV. THE DATA SET FOR THE EUROPEAN COMMUNITY
A potential problem of any empirical application is that the results emerging from the study reflect the idiosyncrasies of the way in which the data are collected, estimated, or reported rather than the underlying economic effects. This possibility carries a special weight in view of the doubt researchers express with respect to FAO data. Therefore we repeat the analysis on a separate data set for the European Community (EC), which has had an active agricultural policy as well as good data.
The EC agricultural policy is well financed and sophisticated in its execution and reporting mechanisms. Because it is well financed, any wedge between domestic and international prices can be expected to be longer lived than in lower-income countries. The data are taken from Herlihy and others (1989) , and cover 25 years of producer prices. The commodity coverage available from the EC data is more limited than in the FAO data set, but it contains the major staple products. Table 6 The within-commodity estimates of the transmission elasticity (equation 5) are somewhat smaller, with a median value of 0.74, compared with a median value of 0.96 for the between-commodity regression. This pattern is similar to what we observed above for the first sample. It is also similar to the results reported in Mundlak and Larson (1990) for equation 6, with domestic prices measured in dollars. We use this similarity to report in table 7 the results in Mundlak and Larson (1990) for individual commodities, with dollar domestic prices.
The results for the EC confirm the earlier results. Although the commodity coverage is different, the pooled elasticities for countries common to both samples are remarkably close. The estimates for wheat vary between 0.54 and 0.91, with a median at 0.70 and a value of 0.77 for the pool of all the EC countries. Recall that the median for the country estimates in table 4 is 0.66, and the estimates for the pooled country data derived from equation 3 is 0.69. For some of the other commodities, the median elasticities are also somewhat lower than the aggregates. But for milk the estimated transmission elasticity is larger than 1 for several countries, indicating a strong adjustment of domestic prices that was positively correlated with world prices.
V. CONCLUSIONS
By way of generalization, the deviation from unitary elasticity is, on the whole, surprisingly small. The deviation from unitary elasticity is in part the result of policy measures and in part the result of domestic inputs that are not necessarily synchronized with world agricultural prices. This does not imply that policies generated with respect to particular products are not important in affecting the prices of these products. They certainly affect the price levels, and, whenever a country taxes agriculture, the domestic prices will differ from world prices. Consequently, there are cross-country variations of prices. Such policies do not, however, prevent domestic prices from moving with world prices. Furthermore, world prices are the major contributor to variations in domestic prices.
In this analysis it was assumed that the world price is independent of the disturbances in the price equation. On the face of it, this assumption might be too strong for the United States, and perhaps some other countries, when dealing with some specific commodities. If this assumption were violated, world price would be endogenous and the estimates would be subject to least-squares bias. However, this is not reflected in the results in any meaningful way.
What, then, is the role for domestic supply and demand? They determine the traded quantities of the traded goods, and the prices of the traded goods affect to a large extent the prices of the specific factors in agriculture and thereby the supply of the nontraded goods. This is basically the mechanism of factor-price equalization. For instance, depressed world prices affect land prices, agricultural wage rates (through their effect on labor supply), and the price of quasi-fixed inputs. This spreads to all commodities.
An important implication for thinking about the dynamics of world agriculture (Mundlak 1989 ) is that we can think of the world as a closed economy facing a downward-sloping demand function that serves as a constraint to production growth. The trend in world prices is determined by the relative growth in world supply and demand. In this century supply has outpaced demand, and as a result real world agricultural prices have declined. The essence of our analysis is that such a decline should have taken place in all countries, regardless of whether their supply actually increased in relation to demand.
This implies that technical change and other permanent shocks that originate in one country but that are big enough to affect world prices eventually affect prices in all countries. Even though domestic policies affect prices, they cannot prevent the covariations of domestic prices with world prices in the long run, because price distortion is costly, and public resources, like private resources, are finite. Passive countries, which are shock takers, should implement the necessary structural adjustments called for by the shock-including the enhance- ment of technical change, if this is the source of the shock-rather than delay the process through taxation. This is certainly a very general statement, and it has to be properly interpreted when it comes to a particular policy; however, it is mentioned here in order to place possible implications of the analysis within a broader framework.
APPENDIX. A SUMMARY OF THE FORMAL RELATIONS BETWEEN THE VARIOUS ESTIMATORS
The analysis in the text differs somewhat from more familiar forms of panel data analysis. It is therefore useful to evaluate the results within a uniform framework. Let W, B(i), W(i), and W(it) be projection (symmetric and idempotent) matrixes that generate residuals. They can be defined in terms of their operation on an arbitrary vector, x, of order IT: Wx = (xi, -x), B(i)x = (xix), B(t)x = (x, -x), W(i)x = (xi, -xi), W(t)x = (xi, X t), and W(it)x = (xit -Xi -X.t + x,).
The parentheses contain the typical elements of the vectors in question. The following identities can then be derived. where 0 = p:-W(i)p*/p*Wp:-is the ratio of the within-commodity sum of squares and the total sums of squares, and the complement is a similar ratio for the between-commodity sum of squares. Table S presents a decomposition of the sum of squares of p* by sources. Because p* is the world price, the sums of squares should be the same for all countries. However, the set of commodities analyzed varies somewhat among countries, and therefore the numbers in the table differ accordingly. It is clear that the variations among commodities are greater by far than the variations over time; therefore, the pooled regression is closer to the between-commodity regression. A similar comparison can be made for the other estimators. Also, the results are easily generalized to multiple regressions, where the weights will be matrix, rather than scalar, weights (Mundlak 1978) .
